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INFORMATION PROCESSING APPARATUS AND METHOD, 
RECORDING MEDIUM, AND PROGRAM 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an information 
processing apparatus and method, a recording medium, and a 
program. More particularly, the present invention relates 
to an information processing apparatus and method, a 
recording medium, and a program in which information can be 
transmitted or received more reliably while ensuring real- 
time characteristics without decreasing transmission 
efficiency. 

2. Description of the Related Art 

Generally, in packet communication in a communication 
line in which the risk of packet transmission errors and 
packet loss is high, in order to maintain the reliability of 
the contents of the communication, an automatic repeat 
request (ARQ) method is often used. 

In this ARQ method, as is disclosed in Japanese 
Unexamined Patent Application Publication No. 11-284607, 
when the transmission side transmits a packet and, 
thereafter, receives a notification from the receiving side 
indicating that the transmitted packet is received, the 
transmission side transmits the next packet. However, when 
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the transmission side cannot receive a notification from the 
receiving side indicating that the transmitted packet is 
received, the transmission side repeats the process of 
retransmitting the same packet. 

This ARQ method ensures the reliability of packet 
distribution in communication and is a method suitable for 
bulk data distribution of electronic mail, a file transfer 
application, etc., for which the transmitted information 
needs to be reliably received by the receiving side. 

However, according to the ARQ method, when the packet 
cannot be received by the receiving side, since the 
operation of retransmitting the same packet is repeated, it 
is difficult to maintain real-time characteristics. 

Furthermore, when an application program which requires 
real-time characteristics cannot receive a packet via a 
network even when waiting is performed for a time exceeding 
a permissible range, assuming that that packet is lost, it 
is necessary to process packets which follow. However, in 
the ARQ method, since the packet is retransmitted even in 
such a case, the retransmission process is performed even 
for a packet which is determined to exceed the permissible 
range in the application (receiving side), with the result 
that a problem arises in that the transmission bandwidth of 
the network and the memory of the receiving side are wasted. 

For this reason, for example, in a wired network with a 
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low error rate such as an optical -fiber network, since 
reliable packet distribution can be expected, real-time 
characteristics are ensured by using a protocol, such as UDP 
(User Datagram Protocol), which does not have a packet 
retransmission mechanism. 

However, since a wireless network has a relatively high 
data error rate in comparison with a wired network, it is 
difficult to use a protocol, such as UDP, which does not 
have reliable packet distribution. Therefore, in a wireless 
network, lost packets are restored in the receiving side by 
using an FEC (Forward Error Correction) method capable of 
restoring packets in the receiving side. 

However, in this FEC method, in comparison with the ARQ 
method, not only is the size of the processing circuit 
increased, but also error -correct ion information must be 
added to the packets. As a result, a problem arises in that 
redundancy occurs and the transmission efficiency is 
substantially decreased. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of such 
circumstances, and aims to ensure real-time characteristics 
and to prevent transmission efficiency from being decreased. 

To this end, according to a first aspect, the present 
invention provides an information processing apparatus 
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comprising: first transmission means for transmitting first 
Information to a transmission party via a network In units; 
receiving means for receiving, from the transmission party, 
receiving information about the reception of the first 
Information transmitted by the first transmission means; 
clocking means for clocking the time from when the first 
information is transmitted; determination means for 
determining whether or not the time clocked by the clocking 
means exceeds a reference value; and second transmission 
means for retransmitting the first information when the 
determination means determines that the time clocked by the 
clocking means does not exceed the reference value and for 
transmitting second information when the determination means 
determines that the time clocked by the clocking means 
exceeds the reference value, in a case where the received 
Information received by the receiving means indicates that 
the transmission party has not yet received the first 
information . 

The units may be packets. 

The information processing apparatus may further 
comprise dividing means for dividing information for each 
first packet into Information for each second packet, 
wherein the first and second transmission means transmit the 
Information by using the second packet as units. 

The information processing apparatus may further 
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comprise setting means for setting a flag indicating that 
the time clocked by the clocking means exceeds the reference 
value when determined by the determination means. 

The information processing apparatus may further 
comprise writing means for writing the flag into the second 
information which is transmitted by the second transmission 
means when the flag is set by the setting means; and 
clearing means for clearing the flag when all of the second 
packets which form one of the first packets are transmitted 
to the transmission party. 

According to a second aspect , the present invention 
provides an inforroation processing method comprising: a 
first transmission step of transmitting first information to 
a transmission party via a network in units; a receiving 
step of receiving, from the transmission party, receiving 
information about the reception of the first information 
transmitted in the first transmission step; a clocking step 
of clocking the time from when the first information is 
transmitted; a determination step of determining whether or 
not the time clocked in the clocking step exceeds a 
reference value; and a second transmission step of 
retransmitting the first information when the determination 
step determines that the time clocked in the clocking step 
does not exceed the reference value and for transmitting 
second information when the determination step determines 
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that the time clocked in the clocking step exceeds the 
reference value. In a case where the received Information 
received in the receiving step indicates that the 
transmission party has not yet received the first 
information. 

According to a third aspect, the present invention 
provides a recording medium having recorded thereon a 
computer -readable program, the program comprising: a first 
transmission step of transmitting first information to a 
transmission party via a network in units; a receiving step 
of receiving, from the transmission party, receiving 
information about the reception of the first information 
transmitted in the first transmission step; a clocking step 
of clocking the time from when the first information is 
transmitted; a determination step of determining whether or 
not the time clocked in the clocking step exceeds a 
reference value; and a second transmission step of 
retransmitting the first information when the determination 
step determines that the time clocked in the clocking step 
does not exceed the reference value and for transmitting 
second information when the determination step determines 
that the time clocked in the clocking step exceeds the 
reference value, in a case where the received information 
received in the receiving step indicates that the 
transmission party has not yet received the first 
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information. 

According to a fourth aspect, the present invention 
provides a program comprising: a first transmission step of 

transmitting first information to a transmission party via a 
network in units; a receiving step of receiving, from the 
transmission party, receiving information about the 
reception of the first information transmitted in the first 
transmission step; a clocking step of clocking the time from 
when the first information is transmitted; a determination 
step of determining whether or not the time clocked in the 
clocking step exceeds a reference value; and a second 
transmission step of retransmitting the first information 
when the determination step determines that the time clocked 
in the clocking step does not exceed the reference value and 
for transmitting second information when the determination 
step determines that the time clocked in the clocking step 
exceeds the reference value, in a case where the received 
information received in the receiving step indicates that 
the transmission party has not yet received the first 
Information . 

According to a fifth aspect, the present invention 
provides an information processing apparatus comprising: 
receiving means for receiving the information transmitted 
for each second packet via a network; storage means for 
storing, for each first corresponding packet, information 
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for each of the second packets received by the receiving 
means; assembling means for assembling information for each 
of the second packets stored in the storage means into 
information for each of the first packets before being 
divided; first deletion means for deleting the second packet, 
stored in the storage means, corresponding to the first 
assembled packet when the second packet is assembled into 
the first corresponding packet by the assembling means; 
determination means for determining whether or not a 
predetermined flag is contained in the information received 
by the receiving means; and second deletion means for 
deleting the second packet , stored in the storage means, 
corresponding to the first packet which is prior to the 
first packet to which the second packet in which the flag is 
contained corresponds when the determination means 
determines that the flag is contained in the information 
received by the receiving means. 

According to a sixth aspect, the present invention 
provides an information processing method comprising: a 
receiving step of receiving information transmitted for each 
second packet via a network; a storing step of storing, for 
each first corresponding packet, information for each of the 
second packets received in the receiving step; an assembling 
step of assembling information for each of the second 
packets, stored in the storing step, into information for 
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each of the first packets before being divided; a first 
deletion step of deleting the second packet, stored in the 
storing step, corresponding to the first assembled packet 
when the second packet is assembled into the first 
corresponding packet in the assembling step; a determination 
step of determining whether or not a predetermined flag is 
contained in the information received in the receiving step; 
and a second deletion step of deleting the second packet, 
stored in the storing step, corresponding to the first 
packet which is prior to the first packet to which the 
second packet in which the flag is contained corresponds 
when the determination step determines that the flag is 
contained in the information received in the receiving step. 

According to a seventh aspect, the present invention 
provides a recording meditam having recorded thereon a 
computer -readable program, the program comprising: a 
receiving step of receiving information transmitted for each 
second packet via a network; a storing step of storing, for 
each first corresponding packet, information for each of the 
second packets received in the receiving step; an assembling 
step of assembling information for each of the second 
packets, stored in the storing step, into information for 
each of the first packets before being divided; a first 
deletion step of deleting the second packet, stored in the 
storing step, corresponding to the first assembled packet 
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when the second packet is assembled into the first 
corresponding packet in the assembling step; a determination 
step of determining whether or not a predetermined flag is 
contained in the information received in the receiving step; 
and a second deletion step of deleting the second packet, 
stored in the storing step, corresponding to the first 
packet which is prior to the first packet to which the 
second packet in which the flag is contained corresponds 
when the determination step determines that the flag is 
contained in the information received in the receiving step. 

According to an eighth aspect, the present invention 
provides a program comprising: a receiving step of receiving 
information transmitted for each second packet via a 
network; a storing step of storing, for each first 
corresponding packet, information for each second packet 
received in the receiving step; an assembling step of 
assembling information for each of the second packets, 
stored in the storing step, into information for each of the 
first packets before being divided; a first deletion step of 
deleting the second packet, stored in the storing step, 
corresponding to the first assembled packet when the second 
packet is assembled into the first corresponding packet in 
the assembling step; a determination step of determining 
whether or not a predetermined flag is contained in the 
information received in the receiving step; and a second 
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deletion step of deleting the second packet, stored In the 
storing step, corresponding to the first packet which Is 
prior to the first packet to which the second packet in 
which the flag Is contained corresponds when the 
determination step determines that the flag Is contained In 
the Information received In the receiving step. 

According to the Information processing apparatus and 
method, and the program In accordance with the first aspect 
of the present Invention, In a case where the transmission 
party does not yet receive first information, when the 
clocked time does not exceed a reference value, the first 
information is retransmitted, and when the clocked time 
exceeds the reference value, the second Information is 
transmitted. Therefore, information can be transmitted 
while ensuring real-time characteristics. Furthermore, even 
If a code for error detection Is added, a code for error 
correction is not necessary. As a result, the Increased 
overhead of the format of transmission data, substantially 
decreased data transmission efficiency, increased size of 
the processing circuit and Increased cost can be prevented. 

According to the information processing apparatus and 
method, and the program in accordance with the second aspect 
of the present invention, when a predetermined flag is 
contained in the received Information, a stored second 
packet, corresponding to the first packet which is prior to 
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the first packet to which the second packet in which the 
flag Is contained corresponds, is deleted. Therefore, it 
becomes possible to reduce the wasteful consumption of 
resources . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an example of the configuration of a 
network system to which the present invention is applied; 

Fig. 2 is a block diagram showing an example of the 
construction of a wireless base station in Fig. 1; 

Fig. 3 is a block diagram showing an example of the 
construction of a wireless terminal in Fig. 1; 

Fig. 4 is a flowchart illustrating a transmission 
process of the wireless base station in Fig. 1; 

Fig. 5 shows the format of transmission data in a 
wireless network in Fig. 1; 

Fig. 6 illustrates the formation of a high- order layer 
packet into fragmented packets; 

Fig. 7 is a flowchart illustrating a receiving process 
of the wireless terminal in Fig. 1; 

Fig. 8 illustrates a process of assembling a 
corresponding high- order layer packet from the transmitted 
fragmented packets; and 

Fig. 9 is a block diagram showing another example of 
the construction of the wireless base station in Fig. 1. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows an example of the configuration of a 
network system to which the present invention is applied. 
In the example of this configuration, a server 1 and a 
wireless base station 3 are connected to a wired network 2. 
A wireless terminal 5 is connected to the wireless base 
station 3 via a wireless network 4. 

The server 1 transmits image information and audio 
information to the wireless base station 3 via the wired 
network 2 . The wireless base station 3 transfers to the 
wireless terminal 5, via the wireless network 4, the image 
information and the audio information transmitted from the 
server 1 to the wireless terminal 5 via the wired network 2. 

The wireless base station 3 is constructed, for example, 
as shown in Fig. 2. A wired transmission/receiving section 
21, connected to the wired network 2, receives information 
transmitted via the wired network 2, and supplies it to a 
temporary packet storage section 22. Furthermore, the wired 
transmission/receiving section 21 transmits the packet 
supplied from the temporary packet storage section 22 to the 
server 1 and other transmission parties via the wired 
network 2 . 

The temporary packet storage section 22 temporarily 
stores the packet supplied from the wired 
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transmission/receiving section 21, and supplies it to a 
packet fragmentation section 23 as necessary. Furthermore, 
the temporary packet storage section 22 temporarily stores 
the packet supplied from a packet reassembling section 24, 
reads the packet as necessary, and supplies it to the wired 
transmission/receiving section 21. 

The packet fragmentation section 23 divides the packet 
(in the case of this example, a large packet transmitted 
from the server 1 via the wired network 2 (this packet is 
hereinafter referred to as a "high-order layer packet")) 
supplied from the temporary packet storage section 22 into 
fragments, and supplies the fragmented packet to a wireless 
transmission/receiving section 25. 

The wireless transmission/receiving section 25 
transmits the fragmented packet supplied from the packet 
fragmentation section 23 to the wireless terminal 5 via the 
wireless network 4. Also, when the wireless 
transmission/receiving section 25 receives a packet 
transmitted from the wireless terminal 5 via the wireless 
network 4, the wireless transmission/receiving section 25 
supplies this packet to the packet reassembling section 24. 

The packet reassembling section 24 assembles small 
packets (corresponding to the fragmented packet) supplied 
from the wireless transmission/receiving section 25 to the 
wired network 2 into a large packet (high-order layer 
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packet) to be transferred and supplies It to the temporary 
packet storage section 22. 

A packet control section 26 controls the operation of 
the wired transmission/receiving section 21, the temporary 
packet storage section 22, the packet fragmentation section 
23, the packet reassembling section 24, and the wireless 
transmission/receiving section 25. A storage section 31 
incorporated into the packet control section 26 stores flags, 
the fragment niambers of packets, etc., which will be 
described later with reference to Fig. 4. Furthermore, a 
timer 32 incorporated into the packet control section 26 
performs a clocking operation so as to clock the time from 
when one high-order layer packet is disassembled into one or 
more fragmented packets and these start to be transmitted. 

Fig. 3 shows an example of the construction of the 
wireless terminal 5. A wireless transmission/receiving 
section 41, connected to the wireless network 4, supplies a 
packet received from the wireless network 4 to a temporary 
packet storage section 42 and transmits a packet supplied 
from the temporary packet storage section 42 to the wireless 
network 4 . 

The temporary packet storage section 42 temporarily 
stores the fragmented packet supplied from the wireless 
transmission/receiving section 41, supplies it to a packet 
reassembling section 44, and temporarily stores the packet 
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(packet corresponding to the fragmented packet) supplied 
from a packet creation section 43, and outputs it to the 
wireless transmission/receiving section 41. 

The packet creation section 43 is controlled by a 
packet control section 45, creates a packet to be 
transmitted to the wireless network 4, and supplies it to 
the temporary packet storage section 42. The packet 
reassembling section 44 assembles the fragmented packet 
stored in the temporary packet storage section 42 in order 
to create a high-order layer packet, and outputs it to the 
packet control section 45. 

The packet control section 45 appropriately processes 
the high-order layer packet supplied from the packet 
reassembling section 44, and outputs it to a display section 
formed of a CRT, an LCD or the like, or a sound producing 
section formed of a speaker, etc., so that that packet is 
displayed as an image or is output as sound. 

In a case where connection is also made by wires so 
that, for example, real-time information is exchanged in 
both ways, the wireless terminal 5 can be constructed to be 
substantially similar to the wireless base station 3 of Fig. 
2. 

Next, the operation of the network system is described. 
When image information and audio information are to be 
transmitted to the wireless terminal 5, the server 1 divides 
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the information into a high-order layer packet of a size 
suitable for the wired network 2, and transmits It to the 
wireless base station 3 via the wired network 2. The 
wireless base station 3 divides the high- order layer packet 
received from the server 1 via the wired network 2 Into a 
fragmented packet of a smaller size, suitable for the 
wireless network 4, and transmits them to the wireless 
terminal 5 via the wireless network 4. 

Next, this transmission process of the wireless base 
station 3 is described in more detail with reference to the 
flowchart in Fig . 4 . 

The high- order layer packet transferred from the server 
1 via the wired network 2 is received by the wired 
transmission/receiving section 21 of the wireless base 
station 3. The wired transmission/receiving section 21 
supplies the high- order layer packet received from the 
server 1 via the wired network 2 to the temporary packet 
storage section 22, so that it is stored therein. 

In step SI, the packet control section 26 determines 
whether or not the high-order layer packet to be transmitted 
to the wireless terminal 5 is stored in the temporary packet 
storage section 22. When the high-order layer packet to be 
transmitted is not yet stored, the packet control section 26 
waits until the packet is stored. 

When it is determined in step SI that the high-order 
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layer packet to be transmitted Is stored, the process 
proceeds to step S2, where the packet control section 26 
controls the packet fragmentation section 23 in order to 
extract one high- order layer packet to be transmitted to the 
wireless terminal 5. In step S3, that packet Is fragmented 
(divided) into fragmented packets of a smaller size suitable 
for the wireless network 4 . 

Next, in step S4, the packet control section 26 
initializes the fragment number stored in the storage 
section 31 (the fragment number is set to "1"). 

In step S5, the packet control section 26 controls the 
timer 32 so that a clocking operation is started- 

Next, in step S6, the packet control section 26 
controls the packet fragmentation section 23 so that a 
sequence number is written into a sequence number field of 
the first fragmented packet. 

More specifically, the format of the fragmented packet 
which is transmitted via the wireless network 4 is formed as 
shown in Fig. 5. A preamble is placed at the start thereof, 
and the sequence number field is placed next . In the 
preamble, information for creating a clock required to 
reproduce this fragmented packet, etc., is written. The 
sequence number is a number corresponding to the high-order 
layer packet transferred via the wired network 2. When one 
high- order layer packet in the wired network 2 is divided 
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into a plurality of fragmented packets by the packet 
fragmentation section 23, the sequence numbers of the 
fragmented packets are given the same value. This sequence 
number is incremented by 1 according to the sequence of the 
high-order layer packet of the wired network 2. 

A halt flag field is placed after the sequence number 
field. In this halt flag field, a halt flag is written as a 
result of the process of step S9 (to be described later) . 
This halt flag indicates that the high- order layer packet 
prior to the high- order layer packet to which the fragmented 
packet in which the halt flag is written corresponds could 
not be transmitted completely. 

After the halt flag field, a fragment number field is 
placed. In the fragment number field, a fragment number is 
placed. The fragment number indicates the sequence of the 
fragmented packet within the corresponding high-order layer 
packet . 

After the fragment number field, a last fragment flag 
field is provided. In this last fragment flag field, a last 
fragment flag indicating whether or not this is the last 
fragmented packet within the corresponding high- order layer 
packet . 

After a frame control part formed of the above sequence 
number, the halt flag, and the last fragment flag fields, a 
payload is placed. In this payload, image data and audio 



data as information which is transmitted as real content are 
stored. After the pay load, a CRC (Cyclic Redundancy Check) 
as an error-detection code is placed. After the CRC, a 
postamble is placed. 

Referring back to the flowchart in Fig. 4, after, in 
step S6, the sequence number is written into the sequence 
number field, in step S7, the packet control section 26 
controls the packet fragmentation section 23 so that the 
fragment number is written into the fragment number field. 
In this case, the fragment number = 1 initialized in step S4 
is written. 

In step S8, the packet control section 26 determines 
whether or not the current mode is a halt mode. As will be 
described later, when the time from when the transmission 
process of one high-order layer packet is started (the time 
(processing time) clocked by the timer 32) exceeds a preset 
reference value, in step S18, a halt mode is set and is 
stored in the storage section 31. When the current mode is 
a halt mode, in step S9, the packet control section 26 
writes a halt flag into the halt flag field. When it is 
determined in step S8 that the current mode is not a halt 
mode, the process of step S9 is skipped. 

Next, in step SIO, the packet control section 26 
determines whether or not the fragmented packet which is 
currently a processing target is the fragmented packet of 
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the last fragment. When the fragmented packet which is 
currently a processing target is the fragmented packet of 
the last fragment, the packet control section 26 proceeds to 
step Sll, where the packet fragmentation section 23 is 
controlled to write the last fragment flag (the last 
fragment flag = "YES") into the last fragment flag field. 
When it is determined in step SIO that the current 
fragmented packet is not the fragmented packet of the last 
fragment, the process of step Sll is skipped. 

Next, in step 812, the packet control section 26 
determines whether or not the time clocked by the timer 32 
which started the clocking operation in step S5 exceeds a 
predetermined reference value which is set in advance. When 
the time from when the transmission process of one high- 
order layer packet is started exceeds the reference value, 
the packet control section 26 proceeds to step 818, where a 
halt mode is set as the current mode, and this is stored in 
the storage section 31. Thereafter, the process proceeds to 
step 819. 

When it is determined in step S12 that the processing 
time does not exceed the reference value, the packet control 
section 26 proceeds to step 813, where the packet 
fragmentation section 23 is controlled to transmit that 
fragmented packet. That is, the packet fragmentation 
section 23 supplies the fragmented packet which is a 
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processing target to the wireless transmission/receiving 
section 25, so that the packet is transmitted to the 
wireless terminal 5 via the wireless network 4. 

As will be described later with reference to the 
flowchart in Fig. 7, when the wireless terminal 5 receives a 
fragmented packet, as a result of the process of step S33, 
an ACK signal is returned to the wireless base station 3 via 
the wireless network 4. When the wireless 

transmission/receiving section 25 receives this ACK signal, 
the wireless transmission/receiving section 25 reports it to 
the packet control section 26. When the fragmented packet 
is not received normally (that is, when the packet is not 
received at all or even if the packet is received, there is 
a CRC error in the received packet), the wireless terminal 5 
does not return an ACK signal. 

Therefore, in step S14, the packet control section 26 
determines whether or not the ACK signal is received from 
the wireless terminal 5. When the ACK signal is not 
received, the process returns to step S12. where it is 
determined again whether the processing time exceeds the 
reference value. When the processing time does not exceed 
the reference value, the process proceeds to step S13, where 
the same fragmented packet is retransmitted. Then, in step 
S14, it is determined again whether the ACK signal is 
received from the wireless terminal 5. When the ACK signal 
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is not received, the process returns to step S12 again, and 
the processes of this and subsequent steps are performed 
repeatedly. Then, when the processing time exceeds the 
reference value, the process proceeds to step S18 as 
described above, where the halt mode is set. 

When It is determined in step SI 4 that the ACK signal 
is returned from the wireless terminal 5, the process 
proceeds to step S15, where the packet control section 26 
updates (increments by 1) the fragment number stored in the 
storage section 31. In this case, the fragment number (= 1) 
which is set in step S4 is updated to 2. 

Next, the process proceeds to step S16, where the 
packet control section 26 determines whether or not there 
are any fragmented packets which have not yet been 
transmitted. When a fragmented packet which has not yet 
transmitted remains, the process returns to step S6 , and the 
processes of this and subsequent steps are performed. That 
is, as a result, a process of transmitting the next 
fragmented packet corresponding to the same high- order layer 
packet is performed. 

When it is determined in step S16 that a fragmented 
packet which is not yet transmitted does not exist, the 
process proceeds to step S17, where the packet control 
section 26 clears the halt mode which is set in the process 
of step S18. Thereafter, in step S19, the packet control 
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section 26 updates the sequence number to a value which is 
larger by 1. This sequence number, as described above, is a 
number which is incremented for each high-order layer packet 
Thereafter, the process returns to step SI, and the 
processes of this and subsequent steps are performed 
repeatedly. 

Such processes are performed repeatedly for each high- 
order layer packet . 

Although Fig. 4 shows a Stop and Wait ARQ method, a Go 
Back N ARQ method or a Selective Repeat ARQ method may be 
adopted . 

Fig. 6 shows an example in which, in this manner, a 
high-order layer packet is fragmented into fragmented 
packets and these are transmitted. In this example, a high- 
order layer packet N is transmitted as one fragmented packet 
The sequence number of this fragmented packet is set to "1", 
the halt flag is set to "N (No)", the fragment number is set 
to "1", and the last fragment flag is set to "Y (YES)". 
Then, image data and audio data to be transmitted are placed 
in the payload thereof. 

In this example, the high-order layer packet N+1 
following the high-order layer packet N is formed into two 
fragmented packets . In the first fragmented packet , the 
sequence number thereof (corresponding to the high- order 
layer packet) is set to "2", the halt flag is set to "NO", 
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the fragment niimber is set to "1", and the last fragment 
flag is set to "NO" . 

In the second fragmented packet corresponding to the 
high-order layer packet N+1, the sequence number is set to 
"2", the halt flag is set to "NO", and the fragment number 
is set to "2". That is, since this fragmented packet is the 
second fragmented packet in the high-order layer packet N+1, 
the fragment number is set to "2". Furthermore, in this 
high-order layer packet N+1, since this fragmented packet is 
the last fragmented packet, the last fragment flag is set to 
"YES" . 

Next, referring to the flowchart in Fig. 7, a 
description is given of a process of the wireless terminal 5 
in a case where, in the above -described manner, a fragmented 
packet transmitted wirelessly from the wireless base station 
3 via the wireless network 4 is received. 

Initially, in step S31, the wireless 
transmission/receiving section 41 of the wireless terminal 5 
receives a fragmented packet transmitted via the wireless 
network 4. The wireless transmission/receiving section 41 
extracts the information of the frame control part of the 
received fragmented packet , and supplies it to the packet 
control section 45. The packet control section 45 reads 
destination Information (not shown in Fig. 5) from within 
the information of the frame control part, and determines 
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whether or not the fragmented packet Is a packet transmitted 
to the wireless terminal 5 itself (whether or not it is a 
necessary packet). When the fragmented packet is not a 
packet transmitted to the wireless terminal 5 itself, the 
process returns to step S31, and the processes of this and 
subsequent steps are performed repeatedly. 

In the process of step S32, even if the destination 
information indicates the wireless terminal 5 itself, when 
an error exists, the packet control section 45 determines 
that it is not a necessary packet. 

When it is determined in step S32 that the currently 
received fragmented packet is a necessary packet, the 
process proceeds to step S33, where the packet control 
section 45 generates an ACK signal and outputs it to the 
packet creation section 43. The packet creation section 43 
writes a control bit corresponding to the ACK signal into a 
position (not shown) of the format shown in Fig. 5, and 
outputs it to the wireless transmission/receiving section 41 
via the temporary packet storage section 42. The wireless 
transmission/receiving section 41 transmits the packet 
supplied from the temporary packet storage section 42 to the 
wireless base station 3 via the wireless network 4. 

In the manner described above, the presence or absence 
of this ACK signal is determined in the wireless base 
station 3 in step S14 of Fig. 4. 
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Next, in step S34, the packet control section 45 
determines whether or not the halt flag contained in the 
frame control part indicates "YES" . VJhen the halt flag 
indicates "YES", the process proceeds to step S35, where the 
packet control section 45 clears (deletes) (allows the data 
of the payload of the fragmented packet corresponding to 
another high-order layer packet to be stored) the data (the 
data of the fragmented packet which forms an old high-order 
layer packet, stored in the process of step S36 (to be 
described later)) of the storage area of the temporary 
packet storage section 42 of the fragmented packet 
corresponding to the high- order layer packet, stored in the 
temporary packet storage section 42, which is prior to the 
high-order layer packet to which the currently received 
fragmented packet corresponds. VOien it is determined in 
step S34 that the halt flag does not indicate "YES" (when it 
is determined that the halt flag indicates "NO" ) , the 
process of step S35 is skipped. 

Then, in step S36, the packet control section 45 causes 
the data of the payload of the fragmented packet, received 
by the wireless transmission/receiving section 41 in the 
process of step S31, to be stored in the storage area of the 
corresponding high- order layer packet of the temporary 
packet storage section 42. 

Next, in step S37, the packet control section 45 
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determines whether or not the last fragment flag contained 
in the fragmented packet received in step S31 is "YES". 
When the last fragment flag is not "YES" (i.e., when it is 
"NO"), the process returns to step S31, and the processes of 
this and subsequent steps are performed repeatedly. That is, 
in this case, since, in addition to the currently received 
fragmented packet, another fragmented packet corresponding 
to the same high-order layer packet exists , the next 
fragmented packet is received, and the same processes are 
performed . 

On the other hand, when it is determined in step S3 7 
that the last fragment flag contained in the currently 
received fragmented packet indicates "YES", since all the 
fragmented packets which form the corresponding high- order 
layer packet have been received, the process proceeds to 
step S38, where the packet control section 45 controls the 
packet reassembling section 44 so that one corresponding 
high-order layer packet is assembled from the data of the 
payloads of one or more fragmented packets stored in the 
temporary packet storage section 42. In step S39, the 
packet control section 45 determines, from the output of the 
packet reassembling section 44, whether or not the high- 
order layer packet was successfully assembled by the packet 
reassembling section 44. When it is determined that the 
high-order layer packet could not be assembled, the process 
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returns to step S31, and the processes of this and 
subsequent steps are performed repeatedly. That is. In this 
case, that high-order layer packet is lost. 

When it is determined in step S39 that the high-order 
layer packet was successfully assembled, the process 
proceeds to step S40, where the packet control section 45 
takes the high-order layer packet assembled by the packet 
reassembling section 44 and transfers it to the application 
program of the high-order layer. The application program 
processes the assembled high-order layer packet, and 
supplies it to an output section 46 as necessary. The 
display section which forms the output section 46 displays 
an image, and a speaker outputs sound. 

In step S41, the packet control section 45 clears the 
data of the storage area corresponding to the high- order 
layer packet which is assembled completely within the 
storage area of the temporary packet storage section 42. 
Thereafter, the process returns to step S31, where the 
processes of this and subsequent steps are performed 
repeatedly. 

Fig. 8 shows an example in which, in the above - 
described manner, a high- order layer packet is divided into 
fragments and the transmitted fragmented packets are 
received. In this example, in step S12 of Fig. 4, a maximum 
permissible transmission process time as a reference value 
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which is a determination criterion of the processing time 
from when the transmission process of the high- order layer 
packet is started is represented as T (this time T may be 
set to a different value for each packet). 

The first high- order layer packet N to be transmitted 
is divided into three fragmented packets of fragment numbers 
1 to 3. The fragmented packet N-1 of fragment number 1 
could be transmitted to the wireless terminal 5. However, 
for the fragmented packet N-2 of fragment number 2, an error 
occurred during the first transmission, and the packet could 
not be transmitted to the wireless terminal 5. Therefore, 
the packet is retransmitted as a fragmented packet N-3. The 
fragmented packet of fragment number 3 is transmitted as a 
fragmented packet N-4. The transmission process of the 
fragmented packets N-1 to N-4 has been completed within the 
time T. 

The wireless terminal 5 receiving these fragmented 
packets N-1, N-3, and N-4 assembles the corresponding high- 
order layer packet N therefrom. 

In comparison, the high- order layer packet N+1 to be 
transmitted next is divided into three fragmented packets of 
fragment numbers 1 to 3. The fragmented packet (N+l)-l of 
fragment number 1 and the fragmented packet (N+1) -2 of 
fragment number 2 are transmitted normally. Since an error 
occurred in the fragmented packet (N+1) -3 of fragment number 
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3, this packet was retransmitted as a fragmented packet 
(N+l)-4, in which an error also occurs. As a result, for 
the high-order layer packet N+1, all the fragmented packets 
which form it cannot be transmitted within the time T. As a 
result, the wireless terminal 5 cannot assemble the high- 
order layer packet N+1. 

Accordingly, in the following high- order layer packet 
N+2, a halt flag is written into the halt flag fields from 
the fragmented packet (N+2)-l to the fragmented packet 
(N+2) -3 (the halt flag (= YES) is written). As a result, in 
the manner described above, in step S34 of Fig. 7, in the 
processes of the fragmented packets (N+2)-l to (N+2) -3, it 
is determined that the halt flag is "YES". In step S35, the 
data of the storage areas of the fragmented packet (N+l)-l 
and the fragmented packet (N+1) -2 corresponding to the high- 
order layer packet N+1 prior to the current high- order layer 
packet N+2 is cleared. As a consequence, the wasteful 
consumption (use) of the storage area of the temporary 
packet storage section 42 for a long period of time more 
than is required is prevented. 

Furthermore, since the transmission process of the 
fragmented packets of the high-order layer packet N+1 is not 
performed repeatedly beyond the time T, real-time 
characteristics of the high- order layer packet N+2 after 
that can be ensured. 
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Although the series of the above -described processes 
can be performed by hardware. It can also be performed by 
software. In this case, for example, the wireless base 
station 3 is formed by a personal computer such as that 
shown in Fig. 9. 

In Fig. 9, a CPU (Central Processing Unit) 61 performs 
various processes in accordance with a program stored in a 
ROM (Read Only Memory) 62 or a program loaded from a storage 
section 68 into a RAM (Random Access Memory) 63. In the RAM 
63, also, data required for the CPU 61 to perform various 
processes, etc., are stored as appropriate. 

The CPU 61, the ROM 62, and the RAM 63 are 
interconnected to each other via a bus 64. Also, an 
input/output interface 65 is connected to this bus 64. 

An input section 66 formed of a keyboard, a mouse, etc., 
an output section 67 formed of a display formed by a CRT, an 
LCD or the like, a speaker, etc., a storage section 68 
formed of a hard disk, etc., and a communication section 69 
formed of a modem, a terminal adapter, etc., are connected 
to the input/output interface 65. The communication section 
69 corresponds to the wired transmission/receiving section 
21 and the wireless transmission/receiving section 25 in Fig. 
2. 

Furthermore, a drive 70 is connected as necessary to 
the input/output interface 65, and a magnetic disk 81, an 
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optical disk 82, a magneto-optical disk 83, or a 
semiconductor memory 84 is loaded thereinto as appropriate, 
and a computer program read therefrom is installed into the 
storage section 68 as necessary. 

In a case where a series of processes is to be 
performed by software, although not shown, the wireless 
terminal 5 can also be formed similarly to the wireless base 
station 3. 

In a case where a series of processes is performed by 
software, programs which form the software are installed 
from a network or a recording medium into a computer 
incorporated into dedicated hardware or into, for example, a 
general-purpose personal computer capable of executing 
various types of functions by installing various programs. 

This recording medium, as shown in Fig. 9, is 
constructed by not only packaged media formed of the 
magnetic disk 81 (including a floppy disk), the optical disk 
82 (including a CD-ROM (Compact Disk-Read Only Memory), and 
a DVD (Digital Versatile Disk)), the magneto-optical disk 83 
(including an MD (Mini-Disk)), or the semiconductor memory 
84, in which programs are recorded and which is distributed 
separately from the main unit of the apparatus so as to 
distribute programs to a user, but also is constructed by 
the ROM 62, a hard disk contained in the storage section 68, 
etc. , in which programs are recorded and which is 
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distributed to a user in a state in which it is incorporated 
in advance into the main unit of the apparatus . 

In this specification, steps which describe a program 
recorded in a recording medium contain not only processes 
performed in a time- series manner along the described 
sequence, but also processes performed in parallel or 
individually although the processes are not necessarily 
performed in a time- series manner. 

In this specification, the system represents the 
overall apparatus composed of plural devices . 



